Purification and enzymatic characterization of CMP-sialic acid: beta-galactosyl1----3-N-acetylgalactosaminide alpha 2----3-sialyltransferase from human placenta.
A CMP-NeuAc:Gal beta 1----3GalNAc-R alpha 2----3-sialyltransferase has been purified over 20,000-fold from a Triton X-100 extract of human placenta by affinity chromatography on concanavalin A-Sepharose and CDP-hexanolamine-Sepharose in a yield of 10%. Sodium dodecyl sulfate-gel electrophoresis under reducing conditions revealed that the enzyme consists of a major polypeptide species with a molecular weight of 41,000 and some minor forms with molecular weights of 40,000, 43,000, and 65,000, respectively, which can be resolved partially by gel filtration on Sephadex G-100. Isoelectric focusing revealed that the enzyme occurs in a major and a minor charged form with pI values of 5.0-5.5 and 6.0, respectively. Acceptor specificity studies indicated that the enzyme catalyzes the incorporation of sialic acid from CMP-NeuAc into glycoproteins, glycolipids, and oligosaccharides which possess a terminal Gal beta----3GalNAc unit. Analysis of the structure of the product chain by high-pressure liquid chromatography and thin layer chromatography as well as methylation analysis revealed that a NeuAc alpha 2----3Gal beta 1----3GalNAc sequence is elaborated. The best glycoprotein acceptors are antifreeze glycoprotein and porcine submaxillary asialo/afucomucin. The disaccharide Gal beta 1----3GalNAc-Thr shows values for Km and V which are close to those of the latter glycoprotein. Lactose as well as oligosaccharides in which galactose is linked beta 1----3 or beta 1----4 to N-acetylglucosamine are less efficient acceptors. Of the glycolipids tested only gangliosides GM1 and GD1b served as an acceptor. The enzyme does not show an absolute aglycon specificity, and attaches sialic acid regardless the anomeric configuration of the N-acetylgalactosaminyl residue in the accepting Gal beta 1----3GalNAc unit. By use of specific acceptor substrates it could be demonstrated that the purified enzyme is free from other known sialyltransferase activities. Studies with rabbit antibodies raised against a partially purified sialyltransferase preparation indicated that the enzyme is immunologically unrelated to a Gal beta 1----4GlcNAc-R alpha 2----3-sialyltransferase, which previously had been identified in human placenta (Van den Eijnden, D.H., and Schiphorst, W. E. C. M. (1981) J. Biol. Chem. 256, 3159-3162). Initial-rate kinetic studies suggest that the sialyltransferase operates through a mechanism involving a ternary complex of enzyme, sugar donor, and acceptor. This is the first report on the extensive purification and characterization of a sialyltransferase from a human tissue.